Abstract. Electrically-induced behaviuor was compared in the non-stretched and uniaxially stretched poly(vinylidene fluoride-trifluoroethylenechlorofluoroethylene) terpolymer -a member of the relaxor polymer family that exhibits fast response speeds, a giant electrostriction, high electric energy density and a large electrocaloric effect. Although the temperature dependence of the low-field dielectric constant is almost identical, the dc bias electric field via a higher nonlinear contribution more heavily alters the dielectric response of the less-oriented non-stretched samples. Substantial differences in the polarization, electrocaloric response and induced electrostrictive strain of the non-stretched and stretched terpolymer suggest that electrically-induced properties of relaxor polymer films can be tailored by controlling the preparation conditions.
Relaxor polymers are of great interest for various advanced applications because of their giant dielectric, electromechanical and electrocaloric response. We have investigated and compared these electrically-induced responses in the non-stretched and uniaxially stretched poly(vinylidene fluoride-trifluoroethylene-chlorofluoroethylene), P(VDF-TrFE-CFE), relaxor terpolymer. It is namely known that stretching of polymer films strongly affects their microstructure, i.e., the conformation of polymer chains  for example, a ferroelectric poly(vinylidene fluoride) spontaneously crystallizes into a nonpolar trans-gauche chain conformation, which is transformed into a ferroelectric all-trans conformation only after uniaxial stretching at least 3 times the original length [1] . On the other hand, P(VDF-TrFE) spontaneously crystallizes into the all-trans polar structure (the overall microstructure of ferroelectric and relaxor polymers consists of the crystallites embedded in the amorphous matrix), however, stretching still might affect its properties. This is even more likely in relaxor P(VDF-TrFE)-based polymers, where the all-trans chain conformation in the crystallites is randomly interrupted by the gauche conformation, introduced by irradiation or chlorine atoms [2] .
Since electromechanical and electrocaloric investigations require applications of high dc bias electric fields, we have examined the dielectric response of both, stretched and non-stretched samples, in different dc bias electric fields. The real, ε', and imaginary, ε'', parts of the complex dielectric constant have thus been measured between 360 K and 200 K by using a HP4284 Precision LCR Meter, with dc bias field applied after the sample has been heated to 360 K. Influence of the dc bias electric field on ε' is shown in Figure 1 . We see that decreasing of ε' with increasing dc bias is higher in the non-stretched samples (in the stretched terpolymer the first two curves almost coincide). This is emphasized in the inset, which shows normalized ε' peak values as a function of the dc bias electric field in both samples. It has been shown recently that this difference in values of the dielectric constant in relaxors is due to the nonlinear dielectric susceptibility contribution. This can be positive as in some inorganic relaxors or negative as in relaxor polymers [3] . In accordance with this fact, Figure 2 reveals that dc bias electric field has higher impact on the characteristic relaxation frequency (determined from peaks in ε''(T) [3] ) of the non-stretched sample. Since uniaxial stretching orders polymer chains in the amorphous matrix and changes the non-polar trans-gauche conformation into polar all-trans conformation in crystallites, electric polarization is higher in the stretched sample, as can be seen in Figure 3(a) . Furthermore, a high electromechanical response, which is in relaxor polymers of an electrostrictive origin (which means that the induced strain is proportional to the square of the induced electric polarization, contrary to the piezoelectric effect, where the strain is linearly dependent on the external electric field), is consequently much higher in the more oriented stretched samples, as can be seen in Figure 3 (b), which shows the induced strain in both types of the P(VDFTrFE-CFE) terpolymer. 2 Both, the electric polarization and induced strain have been measured by using the commercial AixPES setup (Aixacct Systems, Aachen, Germany). Electrocaloric response (the change in temperature and/or entropy of a dielectric material due to the electric field induced change in dipolar states) of stretched and non-stretched samples at different temperatures (below, near and above the dispersive dielectric maximum) is shown in Figure 4 * . The response is almost * Details on the electrocaloric effect and measurement procedure can be found in Ref. 4. identical in both types of the terpolymer only near the dielectric maximum, while at higher and lower temperatures the adiabatic temperature change is higher in the non-stretched terpolymer. Obviously the stretching decreases the number of possible polar states and thus the electrocaloric response. Having in mind also the differences in the detected dielectric, polarization and electromechanical response of the stretched and nonstretched samples, we can conclude that electrically-induced properties of relaxor polymer films can be tailored by controlling the preparation conditions.
For wider interest
Dielectric spectroscopy investigates electrically-induced properties of a material as a function of frequency and/or temperature. Dielectric properties are related to polarizability and thus depend on the structure and molecular properties of a material. That is why dielectric spectroscopy is a useful tool for material characterization and it is used in pharmacy, biotechnology and material science. The basic quantity in dielectric spectroscopy is complex dielectric constant ε*, which consists of the real, ε', and imaginary, ε'', part. The real part is related to the stored energy within the medium, whereas the imaginary part describes the losses. That is why the dielectric constant is very important in devices for storing electrical energy (capacitors). Besides storing electrical energy, there are also materials that are able to convert it into mechanical work (electromechanical effect) or into heat (electrocaloric effect)
 note that electrical energy converted into heat in electrocalorics is not due to the electrical current running through them. Such properties of a material can be utilized in many devices such as actuators, sonars, integrated microelectromechanical systems or artificial muscles, which use the electromechanical effect, or in heating/cooling devices of new generation, which use the electrocaloric effect. Example of materials that possess giant electromechanical and electrocaloric effect are relaxors and ferroelectrics. Our subject of study was special class of relaxorsrelaxor polymers. Relaxor polymers in comparison to the other inorganic relaxors have some advantages: they have greater electromechanical response, exhibit fast response speeds and can also be prepared in a variety of shapes. Their disadvantage would be that they are stable only at relatively low temperatures (below 100 °C). Dielectric constant is important for the electromechanical application of relaxor polymers, since the input electrical energy that can be converted into the strain energy, is directly proportional to the values of the dielectric constant of the material. Thus, in order to achieve better efficiency, systems with high values of the dielectric constant must be developed.
